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 Background: Phase modulation (PM) schemes are attracting much interest for use in 
ultrafast optical communications systems. PM is much less sensitive to fiber 

transmission impairments, require lower optical signal-to-noise ratio, is more robust 

against pattern-dependent degradations and can give higher spectral efficiency 
compared to conventional intensity modulation formats. This fact has spurred great 

interest in conducting all-optical operations on phase-shift keying (PSK) modulated 

data so as to realize exclusively by means of light critical network. Objective: All-
optical logic OR gate for 100 Gb/s PSK modulated data signals is numerically 

simulated using semiconductor optical amplifiers (SOA)-based Delayed interferometer 

(DI). Results: The obtained results show that the all-optical OR gate is capable of 
operating for the first time at 100 Gb/s with high output quality factor (Q-factor). An 

increase of input pulse energy will make the SOA saturate more easily, which results in 

a decrease in the Q-factor. The Q-factor decreases when increasing the SOA carrier 
lifetime and the pulsewidth. The Q-factor is larger for larger the linewidth enhancement 

factor (α-factor). Conclusion: The performance of all-optical logic OR gate for PSK 

modulated data signals using the SOA-based DI is simulated. The simulation is carried 
out at a data speed of 100 Gb/s, which is enabled owing to the concept exploited by the 

scheme. The effect of input pulse energy, SOA carrier lifetime, pulsewidth and 
linewidth enhancement factor (α-factor) on the system‟s output quality factor (Q-factor) 

is taken into account and investigated in the simulation. The outcome of our work 

complements the suite of all-optical gates that have been addressed so far for PSK 
signals. 
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INTRODUCTION 

 

     Phase modulation (PM) schemes are attracting much interest for use in ultrafast optical communications 

systems. PM is much less sensitive to fiber transmission impairments, require lower optical signal-to-noise ratio, 

is more robust against pattern-dependent degradations and can give higher spectral efficiency compared to 

conventional intensity modulation formats (Charlet, 2006). This fact has spurred great interest in conducting all-

optical operations on phase-shift keying (PSK) modulated data so as to realize exclusively by means of light 

critical network functionalities that are compatible with the specific format. Such all-optical logic operations are 

an integral part in building all-optical data networks, where packet routing, data buffering and wavelength 

conversion are expected to be processed in the optical plane. For this purpose a technical option that has been 

widely adopted to employ semiconductor optical amplifiers (SOAs). In fact SOAs devices have technologically 

matured to the point that they have become the primary choice for the implementation of all-optical logic gates. 

Recently, optical logic demonstrations using various schemes have been reported (Zhang et al., 2003), (Hamie 

et al., 2002), (Dong et al., 2004), (Houbavlis and Zoiros, 2003), (Fjelde et al., 2000), (Patel et al., 1998), 

(Leuthold et al., 2000), (Naruse et al., 2005), (Randel et al., 2004). Among these approaches, SOA is believed 

to be a key component for all-optical logic gates, because it has a stronger nonlinearity than optical fibers and is 

easier for integration. The speed of conventional bulk SOA operation is limited by the temporal response of gain 

and phase recovery. Previously, all-optical logic XOR operations for both on–off keying (OOK) and PSK 

signals have been suggested and demonstrated by use of SOAs (Kang et al., 2004). SOA-based at 10 and 20 

Gb/s all-optical logic XOR gate for return-to-zero differential phase-shift keying (RZ-DPSK) signals were 

reported (Chan et al., 2004). All-optical multiple-channel logic XOR gate for non return-to-zero differential 
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phase-shift keying (NRZ-DPSK) signals based on nondegenerate four-wave mixing (FWM) in a silicon 

waveguide is presented (Deng et al., 2006), (Xie et al., 2011). 

In the present work, the high-speed performance of all-optical logic OR gate for PSK modulated data signals 

using the SOA-based Delayed interferometer (DI) is simulated. The simulation is carried out at a data speed of 

100 Gb/s, which is enabled owing to the concept exploited by the scheme. The effects of the input pulse energy, 

the SOA carrier lifetime, the pulsewidth and the linewidth enhancement factor (α-factor) on the system‟s output 

quality factor (Q-factor) are taken into account and investigated in the simulation. The outcome of our work 

complements the suite of all-optical gates that have been addressed so far for PSK signals (Xu et al., 2009), 

(Kang et al., 2004), (Chan et al., 2004), (Deng et al., 2006). 

 

OR Model: 

Operation principle: 

     The OR gate operation is based on the gain saturation and PM of optical signals in the SOA (Agrawal 2001). 

The used schematic for the OR gate using SOA-DI is similar as shown in Refs. (Kotb, 2012), (Kotb et al., 

2011), (Kotb and Zoiros, 2013). The schematic diagram of the principle is shown in Fig. 1 (Kotb et al., 2011). 

The signals A and B and a CW control signal (which would carry the information of OR output) are injected 

into the SOA. The data signals A and B induce phase shifts to the CW signal via cross phase modulation (XPM) 

in the SOA. The CW signal carrying the time dependent phase shifts is injected into a polarization maintaining 

loop (PML) mirror (Dutta and Wang, 2006), which serves as a DI. The input CW signal is polarized along either 

the fast or the slow axis of the polarization maintaining fiber in the loop prior to injection into the PML. The 

CW signal splits and propagates in the PML as a clockwise component and a counter clockwise component. The 

operating principle of PML as a DI is described in (Dutta and Wang, 2006). 

 

 

 

 

 

 

 

 

Fig. 1: Schematic diagram of the SOA-DI as the OR. 

 

Simulation: 
 The three modulated PSK signals injected into the SOA-based DI have the following power function (Deng 

et al., 2006): 

 

( ) (2 )    0PSK cP t M Cos f t t T        (1) 

 

 where M is a constant, fc is the carrier frequency and T is the bit duration. The signal has a power of P = M 

2/2. Thus Eq. (1) can be written as (Deng et al., 2006): 
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where E = PT is the energy contained in bit duration. 

 In this relationship PA,B (t ) represents Gaussian-shaped data streams of pulse profile. (Kotb, 2012), (Kotb 

et al., 2011), (Kotb and Zoiros, 2013), (Dutta and Wang, 2006): 
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 where anA,B stands for the nth pulse, which can take the logical value „1‟ or „0‟ with equal probability. Also 

E is the input pulse energy, T is the bit period and τFWHM is the pulsewidth (full width at half maximum) at the 

carrier frequency fc. 

 To simulate the OR gate performance, both the PSK input signals are equal. The OR gate operation has 

been analyzed by a numerical solution of the SOA rate equations. As is shown in Fig. 1, the PSK CW signal is 

injected into the SOA-DI as the probe signal. The PSK input signals A and B modulate the gain of the SOA and 
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thereby the phase of the probe signals. At the output end of the DI, the PSK CW signal is traveling along the 

two axis of PML interferes. The PSK output power for OR gate is given by (Kotb, 2012), (Kotb et al., 2011), 

(Kotb and Zoiros, 2013), (Dutta and Wang, 2006): 

 

  1 2 1 2 1 2( ) 0.25 ( ) ( ) 2 ( ) ( ) ( ) ( )PSKOR PSK PSK PSK PSKP t P t P t P t P t Cos t t              (4) 

 where PPSK1,2(t) are the power of clockwise component and counter clockwise component in PML type DI, 

ΔΦ is the phase shift due to PML mirror and Φ1,2(t) are time delayed phase-shift in the two arms. The phase 

shift Φ(t) is related to the gain G(t) in SOA by the linewidth enhancement factor (α) by the following formula 

(Kotb, 2012), (Kotb et al., 2011), (Kotb and Zoiros, 2013), (Dutta and Wang, 2006): 

 

( ) 0.5[ ( ) ( )]CH CHt h t h t                                                                                                  (5) 

 The time dependent gain of the SOA is given by (Kotb, 2012; Kotb et al., 2011; Kotb and Zoiros, 2013; 

Dutta and Wang, 2006): 

 

0 ( ) ( )( )
( [ ( )] 1)PSK in

c sat

h h t P tdh t
exp h t

dt E


                                                                                        (6) 

where PPSKin(t) is the PSK input optical power inside the SOA and is given by: 

 

( ) ( ) ( )PSK in PSKA PSKB PSKCP t P t P t P                                                                                                             (7) 

 

     For fast all-optical logic operations, the SOA carrier lifetime (τc) should be small (Kotb et al., 2011). The 

SOA parameters are defined and taken throughout the simulation as listed in Table 1. 

 

 
  

 To investigate the “quality” of OR operation by simulation, the Q-factor of the PSK OR output signal has 

been calculated. The Q-factor gives information for the optical signal to noise ratio in digital transmission. It is 

given by Q = (S1 - S0) / (σ1 + σ2) (Kotb, 2012), where S1, S0 are the average intensities of the expected "1"s and 

"0"s and σ1, σ2 are the standard deviations of those intensities. The PSK OR operation achieved a Q-factor of 17 

at 100 Gb/s, which is well over the critical limit of 6. Figure 2a shows the simulation results of OR gate 

operation with the PSK modulated data signals A and B. The bottom trace shows the PSK OR output after SOA-

DI. The eye diagram of the PSK OR output is shown in Fig. 2b, from which it can be noticed that the eye is 

clear and open. 
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Fig. 2: Simulation results of OR operation. (a) The top two traces are the PSK modulated data signals A & B 

and the bottom left trace is the OR output; (b) The corresponding eye diagram. 

 

 To obtain further information on the performance of the OR gate, the Q-factor is calculated for different 

input single-pulse energies at 100 Gb/s and shown in Fig. 3. An increase of the input pulse energy will saturate 

the SOAs more easily, which results in a decreased Q-factor. 

 

 
 

Fig. 3: Shows Q-factor versus input pulse energy. 

 

 Figure 4a shows the dependence of the Q-factor on the SOA carrier lifetime. The Q-factor is decreased as 

the SOA carrier lifetime is increased. Since the carrier lifetime determines the speed of gain and phase recovery 

in SOAs as active region, the Q-factor is higher for smaller values of this parameter. The Q-factor is also 

sensitive to the input pulsewidth as shown in Fig. 4b. The Q-factor is decreased when increasing the pulsewidth 

because two neighboring pulses tend to overlap for wider pulsewidths. 

 The linewidth enhancement factor (α-factor) depends on the relative position of the amplifier gain peak and 

the signal wavelengths and thus can vary Q-factor as a function of α-factor is shown in Fig. 5. The Q-factor is 

larger for larger α-factor because the phase changes are larger for large α-factor and hence the OR signal („„1‟‟ 

values) is larger. This increases the signal to noise ratio and hence the Q-value. 

 

Conclusion: 
 The performance of OR gate for Phase-shift keying (PSK) modulated data signals is numerically simulated. 

By solving the rate equations of semiconductor optical amplifier (SOA)-based delayed interferometer (DI). The 

obtained results show that the all-optical OR gate is capable of operating for the first time at 100 Gb/s with high 

output quality factor (Q-factor). An increase of input pulse energy will make the SOA saturate more easily, 

which results in a decrease in the Q-factor. The Q-factor decreases when increasing the SOA carrier lifetime and 

the pulsewidth. The Q-factor is larger for larger the linewidth enhancement factor (α-factor). 
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Fig. 4: (a) Dependence of calculated Q-factor on SOAs carrier lifetime; (b) The calculated Q-factor as a 

function of pulsewidth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The simulated Q-factor dependence on linewidth enhancement factor (α-factor) 
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